A new and simple method for the preparation of electrochromic tungsten oxide film is presented. This novel approach can be realized by introducing a nanoporous textured polyacrylic acid (PAA) layer between tungsten oxide layer and indium tin oxide (ITO) one by dip-coating process. Homogeneous film with a thickness of about 0.8 tm is made by single dipping a PAA-coated ITO glass in the WO3-NHaOH solution and shows an X-ray amorphous structure. During the cathodic and anodic processes by chronopotentiometry, the present films exhibit highly reversible electrochemical insertion of lithium ions; the corresponding inserted charge of 12.5 mC/cm gives rise to a marked blue color yielding the change in optical density (AOD) of 0.65 at 550 nm and a coloration efficiency (/) of 51.8 cm2/C.
INTRODUCTION
Electrochromic coatings have been extensively investigated due to their potential application in a broad range of devices including smart windows and flat panel displays [1] [2] [3] [4] . Various [5] . Recently, the last method has attracted much attention since this approach allows not only for the formation of oxides using relatively low temperature, much higher deposition rates and low-cost coating technique compared to other techniques but also for a large-area electrochromic coating.
In order to obtain a suitable coating solution by the sol-gel method, such parameters as temperature, nature and concentration of electrolyte (acid and base), nature of the solvent, and type of precursor material should be adjusted during hydrolysis and polycondensation processes [6] . Furthermore, some of starting materials in the sol-gel method are alkoxylates which are more or less expensive and do not afford satisfactory coating results if directly dissolved in typical solvent. In this context, a conventional sol-gel approach for electrochromic coating seems to be complicated and impractical.
The modified sol-gel methods [7, 8] was added. The solution was further stirred at room temperature for day, and was finally filtered in order to remove the undissolved WO3 powder.
Film Preparation
The ITO glass (109t/[-l, Samsung)with 10 x 10 cm 2 size was rinsed with ethanol and distilled water, then dried with air blowing just before coating. The ITO glass was first dipped into the 1% PAA-EtOH solution and withdrawn vertically at 30 mm/sec, then dried at room temperature. After this step, the ITO glass with a PAA layer was dipped into the WO3-NH4OH solution and withdrawn vertically at 30 mm/sec. The coated film was dried at 100C in an oven for 5 min, where the glass was tilted with respect to the vertical line to obtain a homogeneous film. Before using the film in lithium electrolyte, proton and electron were electrochemically injected/extracted into/from the as-prepared film in 1N HC1 electrolyte under a charge density of 10 mC/cm 2 to induce polycondensation; a Pt wire was used as counter electrode. This electrochemically treated film was heated in the deintercalated state at 60C for hr under vacuum to remove the weakly adsorbed water contaminating the film surface. In order to achieve electrochemical and optical measurements, the 10 10 cm 2 film was cut into appropriate small pieces.
Preparation of Hydrophobic Lithium Electrolyte
Hydrophobic Li ion electrolyte was prepared by dissolving lithium bistrifluoromethanesulfonimide (Li (CF3SOz)zN 3M, the expected narrow peaks corresponding to well crystallized ITO, but also a broad peak, observed for low angle, which accounts for the amorphous structure of the W oxide layer. In order to determine the sample thickness, SEM analysis is carried out for the cross sectioned area. Figure 2 shows spectral interferences due to the dense WO3 layer and large thickness.
In Figure 4( 
